An N,S-codoped TiO 2 /Montmorillonite nanocomposite, as a photocatalyst, was synthesized in the sol-gel method and used for the degradation of ciprofl oxacin (Cip) in an aqueous solution. N,S-codoped TiO 2 /Montmorillonte was characterized by powder X-ray diffraction (XRD), UV-Vis diffuse refl ectance spectroscopy (DRS), fi eld emission scanning electron microscopy (FESEM), transmission electron microscope (TEM), and X-ray fl uorescence (XRF) analyzes. A central composite design (CCD) was used to optimize the variables for the removal of Cip by the N,S-codoped TiO 2 /Montmorillonite. A maximum decomposition of 92% of Cip was achieved in optimum conditions. The band gap value for the nanocomposite was 2.77 eV. Moreover, with the use of nanocomposite in the four consecutive runs, the fi nal removal effi ciency was 66%. The results show that the N,S-codoped TiO 2 / Montmorillonite under simulated sunlight irradiation can be applied as an effective photocatalyst for the removal of Cip from aqueous solutions.
INTRODUCTION
Antibiotics have been recognized as an emerging environmental problem over the past few years . Ciprofl oxacin (Cip) -an effective factor against various bacteria-is widely used in human and veterinary medicine 2 . Cip is a low biodegradable pollutant that has toxic effects on human health; moreover, it can spread resistant bacteria that have negative effects on aquatic organisms 2, 3 . Because of persistent and non-biodegradability of Cip conventional treatment processes are not effective methods for its removal 4 . Therefore, most antibiotics, including Cip, will eventually reach aquatic ecosystems. Based on the results of some studies, Cip has been detected in a range of concentrations 3-87 μg L -1 in hospitals effl uents and almost 31 mg L -1 in pharmacies factory effl uents 5-7 30 , and 40 o C. Therefore, the removal of this pollutant from aquatic environments is mandatory 8 . Heterogeneous photocatalytic degradation is one of the advanced oxidation processes that provide good technology for the removal of persistent organic pollutants 9 . Titanium dioxide (TiO 2 ) powder one of the most important photocatalysts is widely used in the treatment of organic pollutants, due to its properties such as high oxidation effi ciency, non-toxicity, cost-effectiveness and structural stability 10-12 with the objective to tune shift their optical absorption from the UV towards the visible. The N-doped TiO 2 consist of nanostructured anatase phase with average TiO 2 nanocrystallite size of 29 nm. The nitrogen doping is clearly shown to produce the desired red shift of the absorption onset of the TiO 2 coatings (from ~380 nm to ~550 nm. But, due to the large bandgap of TiO 2 , only a small UV portion of solar light (3-5%) can be used 13 visible light active, N, S-codoped TiO 2 -based photocatalyst was prepared by reacting thiourea with nanoparticulate anatase TiO 2 .
Commercial anatase powders were manually ground with thiourea and annealed at 400 \u00b0C in two crucibles with different surface-to-volume ratios (S/V = 20 and 1.5. Also, application of TiO 2 powder in the heterogeneous photocatalytic degradation process involves limitations, including small specifi c surface area, low adsorption capacity, recovery problems, and agglomeration, which results in low photocatalytic effi ciency 14, 15 . To maximize the effi ciency of visible light, (42% of the energy of the solar spectrum), many efforts have been made to improve the photocatalytic properties of TiO 2 and its response to visible light
15 . An effective method to resolve these problems and extend the spectral response of TiO 2 to visible light is the doping of TiO 2 by adding non-metals (N, S, C, F) 13 visible light active, N, S-codoped TiO 2 -based photocatalyst was prepared by reacting thiourea with nanoparticulate anatase TiO 2 . Commercial anatase powders were manually ground with thiourea and annealed at 400 \u00b0C in two crucibles with different surface-to-volume ratios (S/V = 20 and 1.5. TiO 2 co-doped with two kinds nan-metal atoms simultaneously has attracted attention because of the synergistic effect permitting to tune the electronic structure and to intensify the visible-light photocatalytic activity 16, 17 . Although non-metal doping reduces the TiO 2 bond gap and improves the use of visible light, it cannot increase the specifi c surface and catalytic adsorption capability of TiO 2 15 . In order to overcome the limits of TiO 2 , in some studies, supports such as montmorillonite (MMT) have been used 18, 19 . MMT shows a high adsorption capacity for Cip antibiotic due to its large special surface, ion exchange capacity, and layered structure 20 . In some studies, with the immobilization of TiO 2 on the MMT, functional composites have been synthesized (BJH). The chemical composition of the samples was determined by an X-ray fl uorescence (XRF) spectrometer (ED 2000, Oxford Instrument, UK). Uv-vis diffuse refl ectance spectroscopy (DRS) (UV-2550, Shimadzu, Japan) samples were determined.
PHOTOCATALYTIC EXPERIMENTS
The heterogeneous photocatalytic reaction was carried out in a cylindrical batch reactor with a working volume of 1000 m L -1 (Fig. 1) . Two Xenon lamps (2×55 W, Philips, Netherlands) were used as the simulated sunlight source. The xenon lamps were positioned inside a quartz tube in the photoreactor to ensure the highest light availability in the photoreactor. The intensity of simulated sunlight, measured with a Lux meter, was 30000 Lux with a wavelength range of 380-900 nm. In order to remove the heat from the xenon lamps, a fan was placed under the reactor. The temperature of the reaction solution was kept constant at 28 ±1 o C using a water-fi lled jacket connected to a recirculation cooler. An air pump equipped with a circular bubble diffuser at the bottom of the photoreactor was utilized for suspending photocatalyst particles to achieve an average equal exposure. the contact between the catalyst and organic contaminants, thus exacerbating organic matter photocatalytic degradation 21, 23 . It has been reported that TiO 2 /MMT nanocomposite has been exhibited high photocatalytic activity under ultraviolet (UV) irradiation for degradation of Cip from polluted water 4, 24 . But mentioned nanocomposite exhibited little photocatalytic activity under the sunlight. Because, wide band gap of TiO 2 limits its photoresponse in the UV region, which is only a small fraction (3-5%) of the solar spectrum corresponding 25 . Therefore, it can be deduced that by non-metal dopping of TiO 2 and then immobilizing it onto the porous MMT with high adsorption properties, a narrow band gap nanocomposite as N,S-codoped TiO 2 /MMT can be obtained, which, in addition to having high photocatalytic activity under the visible light, has better surface properties. Therefore, the main objective of this study is the synthesis and characterization of N,S-codoped TiO 2 /MMT, and its application for heterogeneous photocatalytic degradation of Cip in aqueous solution under visible light. 
MATERIAL AND METHODS

MATERIAL
PREPARATION OF N,S-CODOPED TIO 2 /MMT
N,S-codoped TiO 2 /MMT nanocomposite was prepared by the sol-gel process 26 . MMT, TiCl 4 , and thiourea were used as the precursors of N,S-codoped TiO 2 /MMT nanocomposite. For the synthesis of N,S-codoped TiO 2 /MMT, 2.63 mL of TiCl 4 was slowly added to 10 mL of 6 mol L -1 hydrochloric acid solution, followed by successive stirring and dilution with deionized water. Then, 38.37 mL of thiourea solution (2.5 mol L -1 ) was added dropwise to the prepared solution while stirring. This solution was then added dropwise into 100 mL suspension of MMT in deionized water under vigorous stirring. The resulting product was picked out and washed with deionized water several times, and then dried in a vacuum oven at 80 o C and calcined at 350 o C in air for two hours.
CHARACTERIZATION METHODS
The crystalline phase of the nanomaterials was characterized using the XRD (X' Pert Pro, Netherlands) technique. Field emission scanning electron microscopy (FESEM) (SIGMA VP-500, Zeiss, Germany), and transmission electron microscope (TEM), (EM10C, Zeiss) was employed to detect the particle size and morphology of the nanomaterials. The textural properties of the samples were obtained based on nitrogen adsorption-desorption (BElSORP Mini, Microtrac Bel Corp, Japan) at 77 K and calculated according to isotherm models of Brunauer-Emmett-Teller, (BET) and Barett-Joyner-Halenda
ANALYTICAL METHODS
The concentration of Cip during the experiments was analyzed using a high performance liquid chromatography (HPLC) instrument (Knauer, Germany) equipped with a reversed phase column (C18 ODS 5 μm, 250 × 4.6 mm) with a UV detector at a wavelength of 276 nm. The mobile phase consisted of 0.017 mol L -1 phosphoric acid and acetonitrile at a ratio of 80: 20. Oven temperature was kept at 30 o C during analysis. The fl ow rate was 1 mL min −1 and the sample volume was 20 μ L.
EXPERIMENTAL DESIGN AND VARIABLES
In the present study, central composite design (CCD), one of the forms of response surface methodology (RSM), was used for the optimization of photocatalytic degradation process. The CCD contain fi ve levels (-α, -1, 0, +1, and +α) with four independent variables include Cip concentration (5, 10, 15, 20 and 25 mg L Eq. (1) was applied to explain the effect of independent variables in the second-order polynomial model: (1) where Y is the response (effi ciency removal), a 0 is the intercept value, a i , a ii , and a ij are regression coeffi cients, x i and x j are the independent variables, and e is the random error 9 . Analysis of variance was used to fi nd the interaction between the independent variables and the response.
RESULTS AND DISCUSSION
XRD PATTERN OF NANOMATERIALS
The XRD patterns of MMT and N, S-codoped TiO 2 / MMT are illustrated in Fig. 2a, (Fig. 2b) . The XRD results clearly showed that the N,S-codoped TiO 2 /MMT nanocomposite consists of both anatase and rutile phases. There is high catalytic activity in the crystalline structures containing anatase and rutile 27 Box-Behnken design (BBD). The presence of TiO 2 peaks in the XRD pattern of nanocomposite shows that the TiO 2 nanoparticles have been stabilized on the surface of the MMT 3 . The results obtained from the analysis of the XRD pattern by applying the Debye-Scherrer equation reveals that the average size of N,S-codoped TiO 2 /MMT was 24 nm. Experiment XRD results showed that N,S-codoped TiO 2 crystals have been well-loaded onto the MMT surface by the sol-gel method.
XRF ANALYSIS
The XRF analysis results indicate the chemical composition of MMT and N,S-codoped TiO 2 /MMT nanocomposite ( Table 1 ). 
FE-SEM AND TEM OF NANOMATERIALS
FESEM images were utilized to study the morphology of the MMT and N,S-codoped TiO 2 /MMT nanocomposite. Figure 3a , b show the FESEM of MMT and N,S-codoped TiO 2 /MMT samples. MMT has a layered structure with a non-uniform size distribution and an uneven surface morphology 4 . FESEM of N,S-codoped TiO 2 /MMT sample indicates that fi ne N,S-codoped TiO 2 particles were stabilized on the surface of MMT (Fig.  3b) . These results are consistent with those of study 26 . Based on the results of the FESEM, it can be concluded that the sol-gel method is a reliable method for the synthesis of N,S-codoped TiO 2 /MMT nanocomposites.
The TEM image was used to study morphology, particle size, and crystallinity of the nanomaterials (Fig. 3c, d ). Figure 3c shows the porous surface of the MMT. As can be observed in Figure 3d 
OPTICAL PROPERTIES OF NANOMATERIALS
The DRS of the MMT and N,S-codoped TiO 2 /MMT samples are shown in Figure 4a . Figure 4 shows that the N,S-TiO 2 -MMT has a stronger absorption edge and a shift to the visible light region as compared to that of undoped TiO 2 . The transformed Kubelka-Munk function is used to estimate the band gap energy by plotting [F(R∞) * hυ] 0.5 Vs. hυ (Fig. 4b) . Generally, nonmetal doping of TiO 2 can reduce band gap value. Results of this examination depict that band gap value of samples has decreased from 3.17 eV (un-doped TiO 2 ) to 2.77 eV (N,S-codoped TiO 2 ). Due to the reduction of the nanocomposite band gap, it can be easily used as a photocatalyst under simulated sunlight. These results are consistent with the results of other researchers 15, 16 .
BET & BJH OF NANOMATERIALS
Nitrogen adsorption and desorption isotherms were used to determine the specifi c surface area and porosity of nanomaterials. As shown in Figure 5 (Table 2 and Fig. 5 ). The results showed that the N, S-codoped TiO 2 /MMT has a higher surface area and porosity than those of MMT. These results have agreement with results of Fatimah 29 . The synthesis of doped TiO 2 with some elements by the sol-gel method can increase the special surface areas depending on the nature of the doping agent 30 .
Increasing the specifi c surface area in N,S-codoped TiO 2 /MMT nanocomposite indicates that N,S-codoped TiO 2 particles have been inserted into pores of the MMT, creating a three-dimensional pillard structure 31 . A high surface area and high porosity catalyst is useful for photocatalytic activity in terms of mass transfer and increases the catalyst's ability to transfer molecules 32 . 
PRELIMINARY STUDIES
Preliminary experiments were carried out to evaluate the effect of photolysis and adsorption on removal of Cip. Photolysis experiments were carried out at pH of 6, initial Cip 15 mg L (Fig. 6 ).
CCD MODEL AND ANOVA ANALYSIS
Response surface methodology (RSM) was applied to analyze and optimize Cip photocatalytic degradation by N,S-codoped TiO 2 /MMT. For this purpose, 30 experiments were carried out for response surface modeling. The design of the experiment according to CCD and the experimental results for photocatalytic degradation runs are presented in Table 3 .
The quadratic equation for Cip degradation effi ciency is expressed according to Eq. (2) and (3) The degree of accuracy and signifi cance of the suggested regression model was evaluated using R 2 , adjusted R 2 (adjusted determination coeffi cient), F-value, and P-value 33 . By comparing the experimental results and the predicted responses calculated by the model, according to Equation 3 , it was found that the predicted values were proportional to the values of the experimental results 33 . Also, the fi tting of the estimated model with data can be evaluated by value of R 2 , which varies from 0 to 1. R 2 value of 0.9840 for degradation proposed that the obtained regression equations can be applied to predict the degradation percent of Cip in the experiment range 33 . The high values of R 2 (0.9840) and Adj-R 2 (0.9742) represent a high correlation between the results of the experiment and the predicted responses 34 . As shown in Table 4 the F-value for the model is 100. This value indicates that the quadratic polynomial response equation was signifi cant. There is only a 0.01% chance that a "Model F-Value" could occur by reason of noise. The P-value of the model, which is < 0.0001, demonstrates that the model is highly signifi cant. Also, the insignificant lack of fi t (0.13) indicates good predictability of the suggested model. The signifi cance of each coeffi cient can be checked by their P-values 34 . In this study, the coeffi cients A, B, C, D, AB, AC, A 
EFFECT OF VARIABLES AS SURFACE RESPONSE PLOT
In order to determine the effect of variables, the surface response plot was used. Surface response plots provide a method to predict degradation effi ciency for different values of test variables 35 . Figure 7a shows the surface response plot of photocatalytic degradation effi ciency as a function of catalyst dose and initial Cip concentration at a pH of 7 and reaction time of 65 min. By decreasing the initial concentration of Cip and increasing the catalyst dose, the highest degradation of Cip is observed. The initial concentration of Cip has a greater effect on photocatalytic degradation than the catalyst dose. It is reported that as the initial concentration of the Cip increases, the degradation effi ciency is reduced. The possible reason suggested for this decrease was that as the initial concentration of the Cip increased, available active sites on the nanocomposite surface are saturated. Therefore, the nanocomposite does not have the capacity to react with all the Cip molecules. This result is similar to the results of some studies on antibiotic degradation
4, 36
characterization and application of NH4Cl-induced activated carbon (NAC. On the other hand, by decreasing the initial concentration of Cip, the reaction between Cip and oxidative species is likely to increase, which leads to an improvement in degradation effi ciency 4 . In this study, due to the importance of pH in the photocatalytic decomposition process, the effect of pH on Cip degradation was investigated. Figure 7b shows the surface response surface plot of photocatalytic degradation effi ciency as a function of pH and initial Cip concentration in a catalyst dose of 37.5 mg L -1 and reaction time of 65 min. As illustrated in Figure 7b , the suitable range for pH is (5) (6) (7) . The pH at which the surface of a photocatalyst is un-charged is considered as the zero point charge (pH zpc ). The Cip has two pK a values (5.9 and 8.9) and can exist in cationic form (Cip 0,+ ) at pH lower than 5.9, zwitterionic form (Cip −,+ ) at pH in range of 5.9 to 8.9, and anionic form (Cip −,0 ) at pH higher than 8.9
37, 38 . Based on the zero-point charge analysis, the pH zpc of the surface of N,S-codoped TiO 2 / MMT nanocomposite was 6.1. This implies that the nanocomposite has a positive charge at a pH below 6.1 and a negative charge at a pH above 6.1 39 . Therefore, both nanocomposite and Cip have negative charge in high pH, leading to a repulsive force between them. On the other hand, both nanocomposite and Cip have a positive charge in low pH, leading to repulsion between them. Therefore, the photodegradation effi ciency, both at low pH and at high pH, is decreased. But, it should also be noted that potential of hydroxide radicals for the oxidation of Cip increases with decreasing pH 3, 40 . Also, at pH higher than 9, due to an increase in the concentration of OH ions and their competition with negatively charged molecule (Cip), the removal effi ciency can be reduced 41 . Therefore, high adsorption and high potential of hydroxyl radicals, determine the optimum pH for removal of the Cip. According to the obtained 42 . Figure 8 shows the response surface plot of photocatalytic degradation effi ciency as a function of reaction time and catalyst concentration in initial Cip concentration of 15 mg L -1 and pH of 7. As is obvious from Figure 8 , the degradation effi ciency increases with increasing reaction time and catalyst concentration. An initial increase in the Cip degradation due to the increased catalyst concentration can be attributed to an increase in photon absorption on the catalyst surface and an increase in catalyst surface area. The gradual reduction of degradation rate by increasing the catalyst beyond the optimum amount is attributed to the increased turbidity of the suspension and reduction of light penetration into the solution 4, 43 . In addition, the higher loading of the catalyst can cause catalyst accumulation and decrease the total active surface, which can lead to reduced degradation (Fig. 9) . The high removal of Cip by nanocomposite compared to TiO 2 in the photocatalytic process shows that there is a synergistic effect between nanocomposite and simulated sunlight that increases the effectiveness of the nanocomposite. The enhanced photocatalytic activity of nanocatalyst is due to non-metals doping and high crystallinity and the mesoporosity of the N,S-codoped TiO 2 /MMT nanocomposite. This result is similar to those of some studies
39, 46
. 
DETERMINATION OF OPTIMIZED CONDITIONS
A numerical method was used to optimize Cip degradation using Design Expert 10 software. Therefore, the best target was set for each variable. To obtain optimal conditions, the experimental parameters were considered in the following ranges: the initial Cip concentration 10-20 mg L -1 , the catalyst dose 25-50 mg L -1 , the pH 5-9, and the reaction time 40-90 min. All parameters were set based on maximum desirability. The optimum values of the process variables for the maximum Cip degradation effi ciency are as follow: initial Cip concen-
REUSABILITY OF NANOCOMPOSITE
Reusability experiments were conducted under optimum conditions. After each run, the obtained solution was centrifuged and the photocatalyst was rinsed with water. The process was repeated four times. The results show that the degradation level of the photocatalyst decreased from 92% in the fi rst run to 66% after four runs (Fig. 10) .
MINERALIZATION STUDIES
In order to determine the mineralization, the total organic carbon of the samples was tested under optimum conditions. The results showed that with the application of synthesized nanocomposite under optimal conditions, 32% mineralization can be achieved.
CONCLUSIONS
The N,S-codoped TiO 2 /MMT nanocomposite material, which consists of MMT, TiO 2 , and dopants (N and S), has been synthesized through the sol-gel method. The results of XRD and FESEM of nanocomposites show that the N,S-codoped TiO 2 nanoparticles were been immobilized on the surface of MMT. The band gap of synthesized nanocomposite decreased from 3.17 to 2.77 eV. Reducing the nanocomposite band gap increases its photocatalytic activity by exposing visible light. At optimized conditions (pH = 5.75, catalyst dose = 46 mg L -1 , initial Cip concentration = 15 mg L -1 and reaction time = 90 min), the maximum degradation and mineralization effi ciency of Cip was 92% and 32% respectively. The reusability of nanocomposite results shows that with the use of nanocomposite in the four consecutive runs, the fi nal removal effi ciency was 66%. The results show that the N,S-codoped TiO 2 /MMT nanocomposite under simulated sunlight irradiation can be used as an effective method for the removal of Cip from aqueous solutions.
